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Abstract 
In this work, the spatial and temporal variations in the groundwater chemistry of Kapas Island were assessed using geochemical 
and graphical models. The Durov diagram classifies the groundwater of the island into three water types; Ca- HCO3-, Na- HCO3-, 
and Na-Cl types with Ca- HCO3- as the dominant water type.  The Schoeller diagram reveals that the order of abundance in ions 
was Ca2+ > Na+> K+> Mg2+, for cations and HCO3- > Cl- > ସଶି for anions. These findings would help in creating a sustainable 
management plan through strategizing visitations and pumping periods to ensure that the island’s aquifer and other smaller 
islands with similar characteristics are well protected.  
 
© 2015 The Author. Published by Elsevier B.V. 
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 Groundwater chemistry varies over space and time as a function of the hydro-geological state and seasonal 
fluctuations, land use and geology of the area [1]. It is important to include spatial assessment of hydrochemistry in 
any management plan to avoid error which may lead to a catastrophic effect not only on human health and 
socioeconomic developments but also on the entire ecosystem.  
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These potential effects would be more severe on small islands such as Kapas Island due to their limitation in 
natural resources, such as freshwater, where, in most cases, groundwater is the only source of freshwater due to the 
unsuitability of the topography to generate surface water. This is further compounded by the complexity in the 
mineralogy, geology and hydrogeological minerals and complexity in geological and hydrogeological structures, 
such as high permeability or impervious rocks, which limits the storage capacity of the aquifer [2]. Moreover, 
temporal variations in groundwater chemistry, even in small quantities, can have a considerable effect on the 
transport of solutes and pollutants yet, most studies of small islands groundwater hydrochemistry in Malaysia 
prioritized the spatial changes of the hydrochemistry only [3], with no account given to the temporal changes, 
perhaps due to the general perception that tropical islands receive rainfall almost throughout the year. However, 
rainfall events vary significantly over space and time as most of the rainfall is received during the monsoon season 
which can have a tremendous effect on the concentrations of ions and total dissolved solids (TDS) in the 
groundwater [4]. 
Researchers have used different techniques to evaluate the spatio-temporal variations of groundwater chemistry. 
For example, researchers like Reddy et al. [5] used ionic ratio techniques to characterize and determine the spatio-
temporal variations of groundwater hydrochemistry in India. While Desa et al. [6] used modelling techniques to 
assess the usability of the Gulf of Kachchh waters based on spatial and temporal variations in dissolved oxygen as a 
target indicator. This work attempt to evaluate the spatio-temporal variations of Kapas Island hydrochemistry. This 
will empower the policy makers and environmental managers to come up with a reliable and justifiable management 
plan that would ensure the sustainability of the island’s groundwater and environmental protection of the entire 
ecosystem. 
 
2. Materials and methods 
 
2.1. Study area 
 
 Kapas Island (Fig. 1) is situated between 5° 13.140′ N and 103° 15.894′ E, at a distance of about 3km from 
Marang coastal area with a total area of about 2 km2, bordered by South China Sea, under Terengganu State, in the 
north-eastern part of Malaysia. Most of the island (80%) is hilly with a maximum elevation of 100 m above sea level 
and is covered by forest. The lithology of the island is dominated by inter-bedded sandstone, siltstone, mudstone and 
shale. The southern part of the island consists of shaly siltstone, conglomerate with quartzite siltstone and weathered 
tuff. The island’s climate is tropical in type, receiving over 2,800 mm of rainfall annually, mostly during the 
monsoon season between November and February. The temperature fluctuates between 28 and 31°C, with a 
humidity of about 80%.  
 
2.2. Sampling and analysis 
 
 Before any sampling exercise, Polyethylene bottles which were used as the water containers underwent an acid 
wash with 5% nitric acid (HNO3-) and rinsed with distilled water. A total of 16 sampling sites (15 boreholes, and 
one open well) were utilized. The sampling surveys were carried out on monthly bases for the months of August and 
September 2012 (pre-monsoon) and then March and April 2013 (post-monsoon). Three replicates of groundwater 
samples were collected during each sampling exercise from each of the 16 sampling sites and the water level (W/L) 
was always measured at each sampling site before sampling was done. The In-situ parameters as well as the measure 
ions were strickly measured in accordance with  the APHA standard [7].  
 
3. Results and discussion 
 
3.1. Groundwater classification 
 
Durov’s diagram [8] is used to determine the processes influencing groundwater chemistry such as salinity and 
recharge for the pre- and post-monsoon seasons (Fig. 2a and b). In both periods, the groundwater is generally 
dominated by Ca2+– HCO3- water type, whereby 11 of the 16 sampling sites in the pre-monsoon period (Fig. 1a) fall 
under Ca2+– HCO3- type, while, in post-monsoon period, the number increases to 13 sampling sites which is likely 
due to increase in rainfall which flushes most of the saline water out of the aquifer (Fig. 2b).    






































     Two sampling sites, namely C3 and CMW which initially fall under the mixed water type Na+– HCO3- in the pre-
monsoon period, shifted to Ca2+– HCO3- during the post-monsoon season which was most likely due to flushing of 
the saline water by monsoon rainfall. Thus, it is expected that the aquifer undergoes reverse ion exchange which 
usually occurs when freshwater flushes out saltwater from the system [9]. Additionally, in the pre-monsoon period 
four sampling sites fall within Na+–Cl type but this is reduced to three in the post-monsoon season. The shifting of 
M5 sampling site to Na+–Cl type in the post-monsoon season is likely due to leaching from septic tanks near the 
sampling site or up coning. The concentrations of ions which are responsible for TDS [10] significantly decrease in 
the post-monsoon period compared to the pre-monsoon period. In the pre-monsoon season, the TDS values range 
between 100–1,000 mg/L while the value decreases to a maximum of less than 350 mg/L reflecting recharge [11] 
which dilutes the concentrations of ions in the groundwater.  
     The Scholler diagram [12] was employed in order to understand the hydrochemical process controlling the 
groundwater system. Generally, the ions concentrations for both seasons are in order of abundance for cations: Ca2+ 
> Na+>K+> Mg2+ and HCO3- >Cl > ସଶି for anions (Fig. 2a and b) and the groundwater type for both seasons was 
mainly recharge water. However, the concentration of Na+-Cl significantly decreases during the post-monsoon 
season which is likely to be due to excessive recharge [13]. 
Fig. 1. Kapas Island showing lithology and sampling sites  
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Fig. 2. (a) Durov diagram of groundwater types for pre-monsoon; (b) post-monsoon water types 
 
 Individually, M3 and M4 sampling sites were found to have the lowest concentration of HCO3- and Ca in both 
seasons at the same time in having the lowest pH values. When carbonate minerals are dissolved in groundwater, 
they serve as the natural buffer to pH. That is why HCO3- is usually the dominant ion in neutral pH among the CO32− 
species, and therefore controlled the alkalinity of groundwater [14]. As such, a low pH which also coincides with 
low HCO3- and Ca2+ indicates that the weathering processes in this area were not strong enough to absorb the 
hydrogen ions [15]. M3 and M4 sampling sites also show a different order of abundance in ions:  Cl– ସଶି– Na+– 
Ma facies in pre-monsoon, and Cl-–Mg– Na+– ସଶି facies in post-monsoon season.  
     The groundwater quality is generally influenced by three processes, namely rainfall, water-rocks interaction and 
rate of evaporation [16]. Therefore, the island’s groundwater for both pre-monsoon and post-monsoon periods was 
tested with the Gibbs diagram to evaluate the source of ions and variation in the island’s hydrochemistry. The 
resulting output of the Gibbs diagram (Fig. 4 a-d) for both cations and anions for the pre-monsoon season suggests 
that most of the samples are influenced by water-rock interaction. While K5 sample falls between the rock 




  Fig. 3. Scholler diagram for (a) pre-monsoon and (b) post-monsoon seasons 
 
By comparison, in the post-monsoon season (Fig. 4 c and d), the K5 sampling site which was initially on the 
border between rock dominance and evaporation-dominance has now shifted completely to rock-dominance. This is 
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area. Similarly M3-M5 sampling sites in the post-monsoon season appear to move towards rainfall dominance. 
These sites have the lowest pH (3.5-5) in the entire island and are believed to be affected by multiple processes such 
as salinization due to up-coning, leaching from septic tanks, low weathering process and water lodging among other 
things.  Moreover, both Gibbs diagrams for the cations and anions have shown a similar trend in terms of processes 










 Spatial and temporal variations of Kapas Island groundwater chemistry were assessed using geochemical 
graphical models and geostatistical tools based for pre- and post-monsoon seasons in the period 2012-2013 
respectively. The classification of groundwater types and dominant ions for both seasons based on Durov and 
Schoeller diagrams were: Ca2+- HCO3- type, Na+- HCO3- type, and Na+-Cl water type with Ca2+- HCO3- as the 
dominant water type.  The order of abundance in ions is Ca2+ >Na>K> Mg2+, for cations and HCO3 >Cl > ସଶି for 
anions. In conclusion, it is advisable that future research in this area should focus on establishing threshold levels for 
groundwater pumping and other means of minimizing or preventing seawater intrusion such as creating artificial 
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